ical activity as an ECM receptor and is correlated with 100-120 kDa protein into the culture media although some was detected in the cell lysate. We observed, by In order to better understand the posttranslational processing pathway for expression of functional DG, we blot-overlay assay, that laminin-1 bound to the secreted DGFc5, but not to DGFc5 in the cell lysate (Figure 2A ). characterized the functional domains of DG in vitro and in vivo. We first demonstrate that in addition to the first Interestingly, the species of DGFc5 that binds to laminin migrates slower than that stained by Coomassie blue half of the mucin-like domain, the N-terminal domain of ␣-DG is essential for the production of functional ␣-DG (CB). Antibody FPD, against the core protein of ␣-DG, identified broader bands than those stained by CB (Figas a laminin receptor. We provide evidence of a molecular interaction between LARGE and the N-terminal doure 2B). Laminin and IIH6 reacted to the slow migrating species of the FPD-reactive bands (data not shown). main of ␣-DG, and these data indicate that LARGE uses this N-terminal domain to recognize DG as a substrate.
This broad appearance of the fusion protein suggests extensive posttranslational modification, as is the case Furthermore, we show evidence that the N-terminal domain of DG is cleaved by convertase-like activity, but with native ␣-DG in skeletal muscle (Ervasti and Campbell, 1991) . Enzymatic deglycosylation slightly decreased the cleavage does not affect DG ligand binding activity. Therefore, the data indicate that with regard to ligand the molecular mass of DGFc5 and did not affect laminin binding activity ( Figure 2B ). However, chemical deglycobinding, the N-terminal domain of ␣-DG is necessary only for intracellular formation of an enzyme-substrate sylation greatly reduced the molecular mass and abolished laminin binding activity. These results are consisintermediate between DG and LARGE, while the C-terminal domain of ␣-and/or ␤-DG mediates the assembly tent with previous observations that the sugar chain structure of ␣-DG is necessary for the interaction with of the DGC at the sarcolemma. Significantly, using viral gene transfer to skeletal muscle-specific DG null mice, laminin (Ervasti and Campbell, 1993) . It is evident that only a small population in the DGFc5 preparations poswe provide in vivo evidence that the disruption of the DG-laminin linkage, through the absence of the critical sess the specific carbohydrate modification required for ligand binding activity. Taken together, these data glycosylation or LARGE recognition, is central to muscle cell degeneration in muscular dystrophy.
indicate that strict posttranslational glycosylation is necessary for the interaction between ␣-DG and laminin. To further investigate the interaction between ␣-DG phase laminin-1 binding assay on secreted DGFc5 demonstrated that LARGE modification quantitatively inand laminin, we generated full-length and truncated ␣-DG molecules as IgG Fc fusion proteins (DGFc) by creased the laminin-1 binding activity ( Figure 3C ). Al- Our evidence of proteolytic processing of the N-terminal domain of secreted DG excluded the possibility These data also support previous findings that essential glycosylation indeed occurs in the mucin-like domain.
To confirm that DGFc5 conserves the ligand binding
that the ternary structure of the N-terminal domain is Figures 6B and 6C) . Taken together, these results provide in vivo evidence that the DGC assembly mediated by ␤-DG with the C-terminal domain of ␣-DG is not sufficient and that the ␣-DG-laminin interaction is crucial to prevent muscle cell degeneration. These results demonstrate that the molecular recognition of ␣-DG by LARGE through the N-terminal domain of ␣-DG is essential for the subsequent functional glycosylation that underlies the pathology of several forms of muscular dystrophy.
Discussion
In the present study, we dissected the functional do- 
mucin-like domain. ␤-DG with the C-terminal domain of ␣-DG mediates the DGC assembly. This assembly is not sufficient to prevent muscular dystrophy. Rather, the DG proteins (DG-WT, DG-I, DG-D, DG-E, DG-F, DG-G)
␣-DG-laminin linkage is necessary to prevent muscle restored the DGC assembly at the sarcolemma including cell degeneration. These findings demonstrate in vitro sarcoglycans and sarcospan. The expression of a and in vivo that molecular recognition of DG by LARGE shorter DG-H protein lacking the entire N-terminal and is a key determinant of DG functional expression. mucin-like domains of ␣-DG also restored the DGC assembly. In Figure 5 , the expression profile is represented by DG-E and DG-H. Dystrophin and ␣1-syntrophin, Mechanism of Posttranslational Modification of ␣-DG for ECM Binding which are preserved in MCK-DG null mice, were also normally expressed in these muscles. These results pro-DG-mediated formation of laminin clusters on the cell surface is thought to be critical for embryonic basement vide novel evidence that the C-terminal domain of ␣-DG and/or ␤-DG mediate the stable assembly of the DGC membrane assembly (Williamson et al., 1997; Henry and Campbell, 1998). We observed laminin clustering on the at the sarcolemma. Previous studies suggest that ␣-DG in skeletal muscle and is secreted immediately so that there is very little detected in the cell lysate by laminin overlay assay. is extensively glycosylated, thus contributing to the broad appearance of ␣-DG on Western blot (Ervasti and However, full maturation, at least in TSA201 cells, is not essential for secretion of ␣-DG into the extracellular enCampbell, 1991). Consistent with this notion, we observed a broad appearance of DGFc5 secreted into culvironment. Recently, we found that overexpression of LARGE in ture media (Figures 2 and 3 
Surprisingly, hematoxylin-eosin staining revealed that surface of DG-WT-or DG-G-expressing ES cells (Figure 1). In addition, only these two proteins show laminin expression of DG-I, DG-D, DG-E, DG-F, or DG-H exacer-

